In this work, the results of fabricating ultra thin VO 2 films on the technologically relevant amorphous SiO 2 surface using reactive DC magnetron sputtering are presented. Results indicate that a post deposition anneal in low partial pressures of oxygen is an effective way at stabilizing the VO 2 (M 1 ) phase on the SiO 2 surface.
ing silicon based technology is made easier if these films can be produced on amorphous SiO 2 (a-SiO 2 ). In this paper, the investigation of the preparation of ultra thin VO 2 thin films on the technologically relevant SiO 2 surface by DC magnetron sputtering is presented. The results show that under proper deposition and post-annealing conditions, a factor of 200 change in resistivity can be achieved in films as thin as 42nm when deposited on an SiO 2 surface.
II. EXPERIMENTAL
The vanadium oxide thin films were deposited using a sputtering system made by AJA International. Thin films were sputtered from a 99.9% pure vanadium metal target on a silicon substrate on which a 100Å thermal The crystallographic phase of the thin films was determined by Glancing Incident X-ray Diffraction(GIXRD).
During GIXRD, the angle of incidence was fixed at 0.6 o , and the measurement was taken using a 2θ scan geometry. The thickness of the sample was determined using X-ray Refelectivity. X-ray diffraction was also used to to measure the residual stress in the ultra thin VO 2 films.
All diffraction scans were carried out using a PANalytical X ' pert Pro Diffractometer with Cu K α radiation. The microstructure of the thin films was investigated using a Zeiss Supra 55VP Field Emission Scanning Electron
Microscope and a Veeco Multi-Techniques System 3100 Atomic Force Microscope with Nanoscope Voltage Controller. The electrical properties of the thin films were measured using a Keithley 4200 Semiconductor Characterization System.
III. RESULTS AND DISCUSSION
A. Effect of Deposition Conditions
Effect of Oxygen Partial Pressure
The impact of oxygen partial pressure on the phase of the reactively sputtered thin films was determined by varying the percentage of O 2 in the sputtering gas from 9% to 11% while maintaining the total pressure in the sputtering chamber at 0.60 Pa. This small change in O 2 concentration produced profound changes in the phase of the thin films. Figure 1 It can be seen that high substrate temperature does not necessarily produce an oxygen poor phase.
Effect of Substrate
To examine the impact of the substrate on the phases present in the thin films, two different substrates were X-ray reflectivity was performed on the film after being annealed at 4.80×10 −2 Pa O 2 atmosphere for 50 minutes to determine the film thickness. As shown in Figure 6 , the green line is the experimental data and the red line is the fitted data. The fitting parameters are summarized in table I. Based on these data, the thickness is determined to be 42nm. Figure 8 shows the AFM images of vanadium oxide films after being annealed for different amounts of time.
And and the temperature at the minimum point of the curve is chosen to be the transition temperature 36 . As shown in figure 10 , the transition temperature is determined to be 72 o C, which is higher than the reported value of 68 o C on a sapphire substrate.
FIG. 10: d(log ρ)/dT vs. T plot
As shown in figure 9 , the resistivity of the low tem-perature monoclinic VO 2 phase on a a-SiO 2 substrate decreases as the temperature increases, which is a characteristic of a semiconductor. The temperature dependence of the resistivity has been observed to be thermally activated.
The activation energy for the conductivity is calculated using the Arrhenius equation:
Where E a is the activation energy, σ is the conductivity of the film which is calculated using σ = 1/ρ, and σ a is the pre-exponent factor. 
Where d n is the plane spacing at normal incidence under stress, d i is the plane spacing when the incident beam is inclined at angle ψ to the surface normal, E is the Young's modulus, and ν is the Possion ratio.
The slope of a linear plot between di−dn dn and sin 2 ψ
Although high 2θ peaks are usually preferred for higher strain sensitivity, the higher 2θ peaks are too weak and have shapes that are irregular, as shown in figure 5 for VO 2 films after being annealed at 4.80 × 10 −2 Pa O 2 for 50 minutes. Thus, the peak at 2θ = 27.9 o , which corresponds to diffraction from VO 2 (011) planes, was chosen for the stress measurement. Figure 12 shows the XRD scan results with the incident beam inclined at different angles, ψ, to the surface normal. The grazing incident angle was set at 0.6 o and those measurements were taken in the 2θ ranges from 26.5 o to 29.5 o using a 2θ scan geometry. It can be seen that the 2θ peak shifts to a lower value as ψ increases. Young's modulus to be 140 GP a 43 , and Possion ratios to be 0.3, the stress in the VO 2 thin film is calculated to be 2.0±0.2 GP a. The positive slope of the di−dn dn vs. sin 2 ψ plot indicates the stress is tensile.
As the thermal expansion coefficient of VO 2 is reported to be 2.1×10 −5 /C 44 , which is almost 10 times larger than that of Si, the film will contract more than the substrate when the film is cooled from 550 • C to room temperature after annealing, producing a tensile stress in the film.
Since the substrate is very thick compared to the film, 
If we assume the thermal expansion coefficient of the VO 2 film and substrate do not vary with temperature, the calculated stress due to differential thermal expansion is found to be:
This value agrees well the measured result, indicating that the residual stress in the VO 2 film mainly comes form thermal stress. In 2010, a stress-temperature phase diagram for the metal-insulator transition in VO 2 using a free-standing VO 2 nanobeam 39 was generated. This work indicates that the metal-inulator transition temperature should shift to higher values when the film is under tensile stress, as observed here. 
